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relativistic e+e- plasmas are ubiquitous in the universe

Thermal MeV pairs Nonthermal TeV pairs



Most black holes emit y-rays > 511 keV, capable of

producing e+e- pairs
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Annihilation-like features have been reported from several

Black Hole Candidates (BHC), but have not been confirmed
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The Cygnus X-1 “MeV-flares” may be related to Pair
Annihilation. This has been confirmed by several experiments
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The “MeV-bump” of Cygnus X-1 appears as transient flares

when the hard x-ray flux 1s lower and power-law like
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Observations of Cyg X-1 motivated a large body of work on thermal
“Pair Equilibrium” plasmas in which creation rate=annihilation rate

z=n,/n, 6=kT/mc?



Thermal Pair Equilibrium plasmas have very peculiar
luminosity-temperature diagram
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A “gamma-bump” 1s a tell-tale signature of pair equilibrium plasmas
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Photons cm™= s~ 1 kev!

The CygX-1 MeV-bump can be self-consistently modeled with

emissions from a pair-balanced ultra-hot thermal plasma
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2D model of a pair-cloud surrounded by a thin

accretion disk to explain the MeV-bump
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UL LAISSON RLUGAUN PARAMETERS

Ul cormpuciness punemater ind Thomszon depil of the pau-
dondnaasxt cloml ire uniyuedy dutermines by its Scmperatare.
bur & baseine lemperatire of 40K kel we Fod

)= LeJRme? %120 tp=Ran +a2 122 (M

(el Svenigson 1984, Zdzurski (984}, where L is total gainina-
iy Tumicosity, R is cloud radive se s clocieen duraity, and 7y
ie the Thomson cros section. Uaing the awsasarad lumirogicy
of 1.1 3 10 cogs s ™% ahuve 0D ke (Lings et o, 1987 bue sab-
wructirg ot the 1.5 M2V cbzpacl cxcess: of. & IVE we Lhus
obbtin:

E=25x1Cem; a =6ax10"Ccn~?. 12
For n black hole of mags ~-1¢ M, dhe pair ¢cloud sacius corre-
spends o ~ 17 GALe™ Undes the ordinary disk acenelion sce-
nurio, Lhe rabn of ke 1e1y’ ominosty gepeeated ontside of &
tadivs 1, — re'GM o that insice 7, is piven By (ef. Shakova
aad Sunyacy 1573: Novikev ans Thorne 1973; Liang and

These parameters are consistent with a pair-dominated
plasma sufficiently collisional to be “thermal”.



But where are the annihilation lines from the escaped pairs ?

To date no narrow 511 keV has been observed from any black holes
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Integral y-ray Observatory 1s still operational

But it has not detect any narrow 511 keV lines from black holes



Escaping pairs may be accelerated by radiation pressure to form

a relativistic pair outflow seen in microquasars
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Annihilation line from such pair jets may be too diffuse to be detectable



Outflow Lorentz factor increases with disk luminosity. Observed

Lorentz factors (~2--3) are consistent with observed luminosities
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Ultra-Intense lasers can produce e+e- jets

Can we generate a
relativistic
pair plasma in the lab?

T, =[(1+I\2/1.4.108)12.1Jmc?

T, . > mc? when IA?>>10'3 Wem-2

Wilks et al., Phys. Plasmas 8, 542 (2001), Liang and Wilks, PRL



c+C




Sample Laser Numbers
1 PW=1KkJ/1ps
1 PW /(30 um)* = 10* W/cm?
10 W/cm?/c ~ 3.10'¢ erg/cm?® ~ 2. 10** e+e- /cm’
Solid Au ion density ~ 6.10** /cm’
n,/n, ~4.107

8
B€Quipartition ~ 9 10 G



PAIR PRODUCTION BY SUPERTHERMALS ON HIGH-Z
TARGET:

dN+/dt = (dN+/dt),.. + +

1 >
for thin (<< 20 wm) laser targets. Hence
dN+/dt = (N++ N-) <N, , (f(y) v 0., )>
f(y) 1s normalized superthermal distribution function and
Ouon~ 1.4x10  cm*Z* (Iny)®  fory>>1
1s trident pair production cross section (e+ion=»e+ion+yy):

Solving above equation:
N+=72ZN,, {exp(I't)—1}/2 ~7ZN, I't/2 for I't << 1

> N+/N, ~I't/2~2x 107 for t ~ 10 ps, I = 10* Wem™

For Au: N+ ~ 10** cm™



Bethe-Heitler

Trident

Nakashima & Takabe 2002

B-H pair-production has larger cross-section than trident, but

it depends on photon flux and optical depth of the high-Z
target




Liang et al 1998
10°W/cm?

1020W/cm?

Nakashima & Takabe 2002

Pair Creation Rate Rises Rapidly with Laser Intensity to ~102°°Wcm™



LLNL PW laser experiments confirm copious e+e-

production

Cowan et al 2002 /' c+cC-
2.1029W.cm™ -

042ps



Nakashima & Takabe 2002

Trident dominates at early times and thin targets,

but B-H dominates at late times and thick targets



Nakashima & Takabe 2002

Wilks & Liang 2002



Nakashima & Takabe 2002

n,>10"cm






Two-Sided Illumination may create a pair fireball



c+C-

ux
c-101

After lasers are turned off, e+e- plasmas expands

relativistically, leaving the e-1on plasma behind
(Wilks and Liang 2003)




1.

Advantages of NIF short pulse capability

High intensity (>10%*> W.cm?) to reach the
BKZS cutoff temperature.

. Large total energy to produce large number of pairs

and high pair denity.

. Multiple beams can provide “inertial confinement” of
pairs produced so they have the chance to reach pair
equilibrium.




KEY ELEMENTS FOR FUTURE ADVANCES

Greatest challenge

Diagrlostic
Development

l Numerical
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Theory &
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